Biomass and plant density of Lotus tenuis Waldst. & Kit. ex Willd. have been reported in decreasing in grasslands and pastures. Our objective was to determine if L. tenuis biomass and plant density can be increased in grassland through seed addition. Two separated experiments under cattle grazing exclusion were conducted in three paddocks of a Flooding Pampa grassland. The first experiment was from autumn 2004 to autumn 2006 and the second from autumn 2005 to autumn 2007. Different L. tenuis seed additions (0, 57, 229, 917 and 1833 seeds m -²) were broadcast into experimental plots. In the second experiment, besides seed additions there was a reseeding of approximately 900 seed m -² from seed rain produced by plants of grassland. Seed density explained the 81% and 19% of the variation in seedling density and L. tenuis biomass, respectively. Seedling emergence occurred mainly between autumn and early spring, while seedling mortality was mainly between late spring and early summer. Lotus tenuis adult plant density and biomass production increased with seed additions. Total biomass production in the plant community varied between 589.94 ± 26.89 and 1042.44 ± 54.39 g m -² yr -1 and the differences were principally attributed to precipitations. Lotus tenuis biomass contribution was of approximately 10%. The results suggest that L. tenuis seedling and plant establishment and biomass production can be increased through seed addition and/or seed rain through grazing exclusion during reproductive period.
INtROduCtION
Flooding Pampa grasslands (Buenos Aires, Argentina) have limited amounts of native forage legumes and in their biomass contribution respect to the other species of plant communities. In the Flooding Pampa grasslands Lotus tenuis Waldst. & Kit. ex Willd. is one of the most economically important exotic legumes. Lotus tenuis spread by seeds and its seedling establishment is facilitated by disturbance generated by fire, grazing and cattle dung (Sevilla et al., 1996; Laterra, 1997; Juan et al., 2000; Vignolio and Fernández 2010) . This species fixes N via symbiosis, benefits the growth of grass through soil N availability, increases the primary productivity and forage quality, is consumed by cattle and can grow in soils where the low fertility and/or flooding conditions affect negatively the persistence of other forage legumes Colabelli and Viviani Rossi, 1997; Quinos et al., 1998; Refi and Escuder, 1998; Vignolio et al., 1999; Juan et al., 2000) .
Defoliation has been reported to lower L. tenuis plant number and biomass production (Miñón and Refi, 1993; Colabelli and Miñón, 1994; Acuña and Cuevas, 1999) . Lotus tenuis seedling recruitment can be increased by controlling grazing (Sevilla et al., 1996) , but continuous and heavy grazing can negatively affect seed production and plant survival (Fernández et al., 2008; . In different grasslands it has been documented that the persistence, recruitment of plant species and primary productivity can be limited by seed availability in the soil bank (Oersterheld and Sala, 1990; Tilman, 1997; Zobel et al., 2000; Lenz and Facelli, 2005; Martin and Wilsey, 2006; Thomsen et al., 2006) . Under continuous grazing, the soil seed bank of the palatable species can be significantly reduced and affect the persistence of plant population (Sternberg et al., 2003) . Seed limitation can be minimized through seed additions (Oersterheld and Sala, 1990; Martin and Wilsey, 2006) and/or through grasslands management that allows natural reseeding (Bologna et al., 1996) .
Our objective was to determinate if L. tenuis seedlings and plant establishment, and primary production in a Flooding Pampa grassland, can be increased through seed addition and natural reseeding. We measured these population plant attributes because they are key stages in the propagation and productivity of the species in the grasslands.
mAtERIALS ANd mEtHOdS

Study area
The study was located in a grassland of the Flooding Pampa situated in San Marcos, Ayacucho (37°39' S, 58°29' W) Buenos Aires Province, Argentina. Grassland was used for extensive beef cattle breeding with a continuous stocking rate of 0.7 AU ha -1 . The primary productivity is maximum during spring-summer and minimum in winter. The Flooding Pampa grasslands climate is temperate, subhumid, usually affected by floods in winter and spring and drought in summer. Annual precipitation average is approximately 950 mm. (Fernández et al., 2008) . Lotus tenuis was sowed in early autumn because its recruitment is suitable due to warm climate and precipitations (Table 2 ). Due to slow rate of L. tenuis seedling growth, in both experiments, one day before of seed additions, plant communities of the paddocks were mechanically mowing at 4 cm height with bar of 0.50 m width. This disturbance to reduce plant competition, provide gaps and obtain uniform seedling establishment. Plant biomass was hand removed after mowing. On 23 March 2004 L. tenuis seeds were hand-sowed onto plots (depth of 0 mm) ( Table 2) .
Experimental layout
First experimental period
Lotus tenuis seedling density. Seedling density was recorded in each period during autumn, winter, spring and summer (Table 2) . Plots were divided into nine subplots of 0.5 x 0.5 m each one, and seedling numbers were determined in sixteen 100 cm² quadrants placed at fixed locations ( Figure 1 ). Seedling mortality was considered like reduction in seedling number from measurement to measurement. biomass production. Aerial biomass production of plant communities was determined through standing crop harvest. Biomass was hand harvested at 4 cm high in same Table 2 ). The first harvest was 1 wk after the last L. tenuis seedling record (Table 2) . Biomass was classified in four groups, L. tenuis, non-legumes dicots, legumes different to L. tenuis, and monocots, which were dried (60 °C for 72 h) and weighed afterwards. After each harvest all the paddocks were mechanically cut at 4 cm height and the biomass was hand removed. Table 2 as seed rain). According to our experiments done in the same plant community, near of the paddocks, when the grazing was excluded on December at the end of reproductive period, the seed rain was approximately of 900 seed m -2 (Fernández et al., 2008) .
Climate data
Due to the impossibility of having a meteorological station in the paddocks, precipitation data was provided by the meteorological station in Ayacucho city, distant approximately 20 km from experimental (Figure 2 ).
Means were separated by the least significant difference test (LSD) at P ≤ 0.05. The results are presented as mean ± standard error.
RESuLtS
The biomass contribution of exotic legumes, Trifolium repens, T. fragiferum and the native Adesmia bicolour was not higher than 2.15 g m -2 , approximately 0.3% respect to the total biomass production. These legumes were not present in some plots, therefore they were not considered in the calculus.
Lotus tenuis seedling and plant establishment
In both experiments, L. tenuis seedling density increased with seed addition. Seedling emergence occurred mainly in autumn and early spring and the mortality was mainly between late spring and early summer (Tables 3 and  4) . Seedling number recorded in the first and second experiment varied with seed additions (P ≤ 0.0001 and P ≤ 0.031), date (P ≤ 0.025 and P ≤ 0.042) and interaction seed addition x date (P ≤ 0.0001 and P ≤ 0.0001) was recorded, respectively. During both experiments L. tenuis clorotic seedlings were recorded.
Seedling density recorded in the last record at first period ( 
Statistical analyses
A randomized complete block design with three replicates and five seed additions as treatments were used in each paddock. Data were analyzed by ANOVA using SYSTAT procedures. Seedling density and biomass production were analyzed using a repeated-measures procedure. In the first experiment, L. tenuis biomass production varied with the seed addition (P ≤ 0.002) and paddock (P ≤ 0.004) ( Table 5) . Lotus tenuis total biomass production by the 4 th and 5 th seed addition (109.51 ± 30.68 g m -2 ) was significantly higher (P ≤ 0.026) than the 1 In the second experiment, L. tenuis total biomass production varied with date (P < 0.02). Except in the last record, biomass production did not vary with seed addition, being in average 73.40 ± 9.68 g m -2 (Table 6 ). 
Climate data
Biomass (g m -2 ) dISCuSSION
In the first period seed addition explained the 81% and 19% of the variation in seedling density and L. tenuis biomass, respectively. Lotus tenuis response to seed addition could have been conditioned by its grazing history and climate variables, for example, precipitations. Under continuous grazing the removal of reproductive and vegetative organs of L. tenuis can negatively affect the seed production and consequently the soil seed bank size (Bologna et al., 1996; Sternberg et al., 2003; Fernández et al., 2008) . Lotus tenuis soil seed bank recorded in the same grassland, near of the paddocks, was estimated in approximately 50 seed m -2 (Fernández et al., 2008) . Therefore, the increment of L. tenuis seedling with the seed additions could be in response to the low soil seed bank. In the second experiment, L. tenuis seed rain produced during the period 30 December 2004 to 31 March 2005 increased the soil seed bank and determining little differences in seedling density between control and 2 nd and 3 rd seed addition. Favorable conditions for L. tenuis seedling emergence was in spring, as well as it was reported by Sevilla et al. (1996) in a pasture composed by Festuca arundinacea Schreb. Lotus tenuis seedling mortality was important in this experiment, being consistent with the reports about its low implantation efficiency, considered as seedling established respect to seed sowed. Implantation efficiency of L. tenuis in the Flooding Pampa grasslands and pastures were recorded between 9.5 and 0.1% . Lotus tenuis seedling mortality by different environmental factors as fungal (Juan et al., 2000) , seed predation by rodents, failure of some seedling to penetrate the soil surface and summer water deficit Wilsey and Polley, 2003; Lenz and Facelli, 2005) and plant competition (Sevilla et al., 1996) are some factors that can explain the decrease of seedling number in the experiments.
Lotus tenuis seedling started to die off as soon as plant communities began to regrow. Lotus tenuis seeds are small (approximately 1 mg) and the seedling with poor vigour. Seedling recruitment and survival are dependent on open gaps or low plant competition Miñón and Colabelli, 1993; Sevilla et al., 1996; Laterra, 1997; Juan et al., 2000) . Low seedling density in early summer reflects the high mortality risks in this season. Water availability during summer in the Flooding Pampa grasslands, appears to be an important environmental factor controlling L. tenuis plant survival and biomass production . Oesterheld and León (1987) did not find differences in biomass production in pastures of 2, 5 and 13 yr old growing in the Flooding Pampa. The hypothesis proposed by these authors and others (Costa and García, 1997; Fernández Grecco, 2001 ) was that soil fertility and water would be the decisive factors determining the biomass production of the grasslands. This appreciation agrees with the results of Wilsey and Polley (2003) who added seeds of 20 species -perennial C 4 and C3 grasses, legumes and forbs-in subhumid grassland of Texas, USA. In hot and dried summers, water availability was an important factor controlling seedling establishment and biomass production (Wilsey and Polley, 2003) . Flooding Pampa grasslands, can remain exposed to temporary summer drought and available water can be an abiotic key element to the survival and biomass production of these grasslands (Wilsey and Polley, 2003; Lenz and Facelli, 2005; Thomsen et al., 2006) . The lower biomass production of the plant community (average of the three paddocks) in the second experiment (762 g m -2 yr -1 ) respect to the first one (910 g m -2 yr -1 ) can be attributed to the scarce precipitations during November and December 2006. Total biomass produced by plant community was not significantly increased through L. tenuis seed additions and seed rain. However, L. tenuis biomass contribution is important in the Flooding Pampa grasslands rich in grass species, poor in native legume and in soil N (Colabelli and Viviani Rossi, 1997; Costa and García, 1997; Fernández Grecco, 2001 ). Seedling (Nº m -2 ) management implications In the Flooding Pampa grasslands the growth of native legumes and their biomass production were insignificant respect to Lotus tenuis, which is an economically important species of these grasslands. Plant communities containing L. tenuis are generally heavily grazed, indicating a higher palatability and forage quality, but affecting negatively the seed production (Fernández et al., 2008) . Fluctuations in propagule availability can play an important role in the L. tenuis seedling recruitment and biomass production in the grasslands.
CONCLuSIONS
Our results provide preliminary information about management of L. tenuis in these grasslands to reduce the declination of its plant stand and biomass production. Seedlings, plant establishment and biomass productivity can be increased through seed addition and/or natural reseeding. Natural reseeding can be reached by increasing the soil seed bank size through grazing exclusion during L. tenuis reproductive period.
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RESumEN
Establecimiento de plántulas y producción de biomasa de Lotus tenuis en pastizales de la pampa deprimida (buenos Aires, Argentina). En pastizales y pasturas ha sido documentada la reducción de la densidad de plantas y de la biomasa de Lotus tenuis Waldst. & Kit. ex Willd. Nuestro objetivo fue determinar si su densidad de plantas y su producción de biomasa pueden ser incrementadas en un pastizal mediante la adición de semillas. Dos experimentos sin pastoreo fueron realizados en tres potreros de un pastizal de la Pampa Deprimida. El primer experimento fue realizado entre otoño 2004-otoño 2006 y el segundo entre otoño 2005-otoño 2007. Diferentes cantidades de semillas (0, 57, 229, 917 y 1833 semillas m -²) fueron esparcidas a mano en las parcelas experimentales. En el segundo experimento, además de la adición de semillas, también se produjo la siembra de aproximadamente 900 semillas m -², por los aportes de las plantas de L. tenuis del pastizal. La densidad de semillas explicó el 81% y el 19% de la variación de la densidad de plántulas y la producción de biomasa de L. tenuis, respectivamente.
La emergencia de plántulas fue principalmente entre otoño-principios de primavera y la mortalidad entre primavera tardía-verano. La densidad de plantas adultas y la biomasa producida por L. tenuis se incrementaron con la adición de semillas. La biomasa total del pastizal varió entre 589,94 ± 26,89 y 1042,44 ± 54,39 g m -² año -1 y las diferencias fueron atribuidas principalmente a las precipitaciones. La contribución de L. tenuis fue del 10%. Los resultados sugieren que el establecimiento de plántulas, de plantas y la producción de biomasa de L. tenuis pueden aumentar en el pastizal por la adición de semillas y/o por la lluvia de semillas mediante la exclusión del pastoreo durante el período reproductivo.
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